Background -Recent studies have suggested that air pollutants resulting from vehicle exhaust emissions and burning of fossil fuels, either in combination or individually, may enhance the airway response of asthmatic subjects to inhaled allergen. It 24 hours, and 48 hours after exposure to 400 ppb NO2 + 200 ppb S02 were -37% (95% confidence intervals (CI) -50 to -23), -63% (CI -75 to -51), and -49% (CI -75 to -28.8), respectively, when compared with the PD20FEV, after air exposure and were significant at all time points studied. The allergen PD20FEV, at 24 hours after exposure to the combination ofthe two pollutants was also found to be significantly lower when compared with that immediately after exposure to the two pollutants.
Abstract
Background -Recent studies have suggested that air pollutants resulting from vehicle exhaust emissions and burning of fossil fuels, either in combination or individually, may enhance the airway response of asthmatic subjects to inhaled allergen. It was hypothesised that the airway response to inhaled allergen after exposure to a combination of 400 ppb nitrogen dioxide (NO2) and 200 ppb sulphur dioxide (SO2) is increased 24-48 hours after exposure.
Methods -Thirteen mild atopic asthmatic volunteers were exposed for six hours to a single exposure of air and three exposures of the combination of 400 ppb NO2 + 200 ppb SO2 in randomised order, and then challenged with increasing concentrations of Dermatophagoides pteronyssinus allergen either immediately after exposure to air, or immediately, 24 hours or 48 hours after exposure to the combination of the two pollutants, until a 20% fall in forced expiratory volume in one second (FEV,) Recent evidence suggests that exposure to pollutants may also contribute to increased airway responsiveness in atopic individuals genetically predisposed to airway disease. Tunnicliffe and colleagues4 have shown that exposure for one hour to 400 ppb NO2 increased airway responsiveness to inhaled allergen in atopic asthmatic subjects. Similarly, we have reported recently that exposure for six hours to a combination of 400 ppb NO2 and 200 ppb S02, but not the individual pollutants, led to a significant decrease in the amount of Dermatophagoides pteronyssinus allergen needed to produce a 20% fall in forced expiratory volume in one second (FEVI) in mild asthmatic patients. 5 In the present study we have tested the hypothesis that pollution induced increase in airway responsiveness to inhaled allergen in atopic asthmatic patients is maximal 1-2 days after exposure to the pollutants.
Methods

SUBJECTS
Fourteen volunteers with mild asthma were enrolled into the study according to selection criteria described previously.5 This study was approved by the ethics committee of St Bartholomew's Hospital, London and all patients gave written consent on entry.
POWER CALCULATION
The number of subjects recruited into the study was estimated on the basis of findings from made between the effects of prior exposure to air or the pollutant gas mixture at these times. This discrepancy in the study design was a matter of necessity rather than choice, since it would have meant that the volunteers would need to undergo a total of 11 visits instead of the minimum seven necessary to complete the study, which most of the volunteers declined to make. To our knowledge, this is the first report of a time lagged effect of acute inhalation of atmospheric pollutants, in a laboratory setting, on human bronchial reactivity to allergen. Although this was a randomised single blind study in that the investigator, but not the volunteer, was aware of the nature of the study gases on different exposure days, assessment and calculation of all results (spirometric and allergen PD20FEVj values) were performed by an investigator blinded to the study protocol. The six hour exposure period employed in this study is similar to that used in previous studies in our laboratory and is representative of exposure experienced by taxi and bus drivers, traffic wardens, couriers, and road maintenance workers during episodes ofpollution. Indeed, studies of households with gas cooking appliances have suggested that exposure to high levels of NO2 may occur over prolonged periods in the kitchen/indoors.78
Previous epidemiological studies have suggested that there may be a time lagged association between increased levels of NO2 and SO2 and impaired lung function, respiratory symptoms, and hospital emergency room visits maximal 1-2 days after exposure.' Controlled exposure chamber studies investigating the putative mechanisms underlying airway disease induced by exposure to N02/ozone have suggested that the time lagged effects of these pollutants may be a consequence of physiological and biochemical effects which become manifest 18-24 hours after exposure. Sandstrom and colleagues9 have shown that exposure of healthy non-smoking individuals to NO2 increased the numbers of lymphocytes, lysozyme positive alveolar macrophages, and mast cells in bronchoalveolar lavage fluid 24 hours after exposure, and Rasmussen and colleagues'0 have shown that exposure to NO2 decreased alveolar permeability and serum glutathione peroxidase activity 24 hours after exposure in healthy volunteers. Similarly, studies of ozone inhalation have shown that this air pollutant also increases airway epithelial damage and the inflammatory response in the airways 18-24 hours after exposure, indicated by leakage of lactate dehydrogenase and total protein, and significant increases in the numbers of neutrophils and concentrations of olantitrypsin, fibronectin, interleukin 8, and granulocyte macrophage-colony stimulating factor (GM-CSF) in proximal airway lavage and bronchoalveolar lavage fluids of healthy volunteers. " In conclusion, our results suggest that exposure of mild asthmatic subjects to a combination of 400 ppb NO2 and 200 ppb SO2 can lead to an increase in the airway response to inhaled allergen, not only immediately after exposure but also up to 48 hours later.
